Definition of CKD and Glomerular Filtration Rate in Chinese
In February 2002, the Kidney Disease Outcomes Quality Initiative (K/DOQI) of the National Kidney Foundation published 15 clinical practice guidelines on CKD [2] . The Chinese Society of Nephrology (CSN) has accepted the definition and five-stage classification system of CKD and the major recommendations on early detection in adults. CKD is defined as either kidney damage or a glomerular filtration rate (GFR) ! 60 ml/ min per 1.73 m 2 for 3 or more months. Kidney damage is defined as pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies. Persistent proteinuria is the principal marker of kidney damage [3] . GFR can be estimated from calibrated serum creatinine and estimating equations, e.g. the MDRD Study equation or the Cockcroft-Gault formula.
The MDRD formula is recommended by European and American guidelines for estimating GFR, but has not been fully validated in different populations and at different stages of CKD [4] . Zuo et al. [5] reported that in a Chinese population with CKD, the abbreviated MDRD equation overestimated GFR in patients with CKD stages 4-5 and underestimated GFR in those with CKD stage 1, suggesting that a modification of these equations is necessary for their application in Chinese patients with CKD. Ma et al. [6] modified MDRD equations based on data from Chinese CKD patients and compared the diagnostic performance of the modified MDRD equations with that of the original MDRD equations across CKD stages in a multicenter, cross-sectional study of GFR estimation from plasma creatinine (P cr ), demographic data and clinical characteristics. The original MDRD equations were modified by two methods: first, by adding a racial factor for Chinese in the original MDRD equations, and, second, by applying multiple linear regression to the training sample and modifying the coefficient that is associated with each variable in the original MDRD equations and then validating in the testing sample and comparing it with the original MDRD equations. All modified MDRD equations showed significant performance improvement in bias, precision and accuracy compared with the original MDRD equations. By adding racial coefficients, the final equations were re-expressed as follows [6] :
The 
Epidemiology of CKD in China
Worldwide, increasing numbers of patients are affected by CKD. In the USA, data derived from the Third National Health and Nutrition Examination Survey (NHANES III) have implied that up to 11% of the general adult population aged 20 years and older could have some degree of CKD [7] . Of 11,247 noninstitutionalized Australians aged 25 year or over, approximately 16% have at least one indicator of kidney damage, either proteinuria, hematuria and/or reduced GFR, indicating the presence of kidney damage [8] . There are no data regarding incidence and prevalence of nationwide CKD in China. In Chinese adults aged 35-74 years, the overall prevalence of CKD with GFR ! 60 ml/min/1.73 m 2 was 2.5% [9] . In the residents ( 1 40 years old) in one district of Beijing, China, albuminuria was detected in 6.2% of subjects; reduced renal function was found in 5.2% of subjects; hematuria in 0.8% and non-infective pyuria in 0.09%. Approximately 11.3% of subjects had at least one indicator of kidney damage [10] . In the general adult population ( 1 20 years) of Guangzhou city (Southern China), the prevalence of albuminuria was 6.16%, hematuria 6.5% and reduced estimated GFR 1.64%. Approximately 10.1% of subjects had at least one indicator of kidney damage [11] . In the residents 1 18 years in a village of Zhejiang Province, China, the prevalence of albuminuria was 10.4%, hematuria 1.4% and reduced estimated GFR 3.0%. Approximately 13.5% of subjects had at least one indicator of kidney damage [12] ( table 1 ) .
Renal biopsy was routinely performed in China in the last 20 years. Analysis of renal biopsy data of 13,519 Chinese patients showed that primary glomerulonephritis (GN) remained the most important and prevalent renal disease in China. The ratio of primary to secondary GN was 2.75: 1. However, it is progressively declining in the past decades with an increment in the incidence of diabetic nephropathy and nephrosclerosis. IgAN constituted 45.3% of the primary GN. The most prevalent etiology of secondary GN was systemic lupus erythematosus followed by Henoch-Schönlein purpura and diabetic ne-phropathy [13] . However, a lot of patients with clinical diabetic nephropathy had not been biopsied. In fact, the prevalence of diabetic nephropathy increases rapidly with increasing prevalence of diabetes mellitus. In the past 20 years, due to a change in the diagnosis of renal disease proven by renal biopsy, the number of patients with acute renal failure (ARF), secondary renal disease and renal tubulointerstitial disease increased in the elderly in China [14] .
The worldwide rise in the number of patients with CKD is reflected in the increasing number of patients with end-stage renal disease (ESRD) treated by renal replacement therapy, dialysis or transplantation [15] . In Europe, the annual average incidence of ESRD is 135 new patients per million population and the prevalence of ESRD is 700 patients per million population [16] . In the USA, the annual incidence of ESRD has reached 336 new patients per million population and the prevalence of ESRD has reached 1,403 patients per million population [17] . In a study on 607 CRF cases with serum creatinine persistently 1 3.0 mg/dl conducted in Nanjing, China, from 1979 to 2002 on biopsy samples, primary glomerular diseases were identified as the most frequent cause of CRF, e.g. IgAN and focal segmental glomerulosclerosis [13] . From January 1 to December 31, 1999, registration of dialysis and transplantation in whole China, except Hong Kong, Macao and Taiwan, was performed by the Dialysis and Transplantation Registration Group, CSN, using a questionnaire. In China, the first cause of CRF was GN followed by diabetic nephropathy and hypertensive nephrosclerosis [18] . In Shanghai, the annual incidence rate of dialysis was 155 per million population and point prevalence (December 31, 1999) was 214 per million population [19] . These data showed that the annual incidence rate of dialysis in Shanghai, China, was similar to the annual average incidence of ESRD in Europe. However, prevalence of dialysis was much lower in Shanghai than in Europe. The financial problem may contribute to the difference.
The Major Outcomes of CKD in China
The major outcomes of CKD include progression to kidney failure, complications of decreased kidney function and cardiovascular disease (CVD). The occurrence of ARF in CKD (A/C) is an important complication of CKD. Drug-induced acute renal interstitial/tubulointerstitial disease, prerenal ARF and flare-up of lupus nephritis (LN) were the most common causes of A/C in China.
More than one third of A/C was associated with drugs, e.g. antibiotics and analgesics, which occurred more commonly in older patients [20] .
CVD is one of the most serious and important complications of CKD. The risk of CVD is significantly increased even in patients with minor CKD [21] . A multicenter Chinese cohort study including 1,239 CKD patients from seven major medical centers showed that the most prevalent form of CVD was left ventricular hypertrophy, accounting for 58.5%. The prevalence of congestive heart failure, coronary artery disease and cerebrovascular accidents was 27.7, 16.5 and 5.6%, respectively. In the cohort with minor renal dysfunction (stage 2-3), coronary artery disease and cerebrovascular accidents were more prevalent than in the general population in the same regions. The prevalence of coronary artery disease, left ventricular hypertrophy and congestive heart failure increased with declining GFR [22] .
Another important complication of CKD is infection of the respiratory and urinary tracts. Of the 1,498 inpatients with CRF in Chongqing, China, 71 suffered from tuberculosis, being atypical tuberculosis in more than half them. The prevalence of tuberculosis in the CRF inpatients (4.74%) was significantly higher than that in residents (0.15%), suggesting CRF patients are susceptible to tuberculosis. Renal function was inversely related to the prevalence of tuberculosis [23] .
Risk Factors of CKD in China
IgAN is the most common CKD in China. IgAN is considered to be a multifactorial disease with genetic and environmental factors contributing to its pathogenesis. Megsin (SERPINB7) is an important candidate gene, which is predominantly expressed in glomerular mesangium and upregulated in IgAN [24] . Genetic study of 423 Chinese patients with biopsy-proven IgAN revealed that Megsin 2093C and 2180T alleles were significantly more [26] . The distribution of the uteroglobin G38A polymorphism (AA, AG and GG) showed no difference between Chinese patients with IgAN and normal controls, but patients with the 38AA genotype showed a higher odds ratio for decreased renal function compared to patients with the 38AG/GG genotype, suggesting the homogeneous 38AA genotype maybe one of the genetic markers for disease progression in Chinese patients with IgAN [27] . We investigated the relationship between angiotensin-converting enzyme (ACE) gene insertion/deletion polymorphisms and clinicopathological manifestations in Chinese patients with IgAN in 1997 and found higher frequencies for the DD genotype of the ACE gene in IgAN patients with hypertension and/or heavy proteinuria and/or severe glomerular sclerosis, suggesting the deletion polymorphism of the ACE gene may play a role, at least to some extent, in IgAN deterioration and progression [28] . Generally, it has been considered that impaired renal function, severe proteinuria, hypertension, glomerulosclerosis and interstitial fibrosis are the strongest and most reliable predictors of an unfavorable outcome in IgAN [29] . A retrospective study showed that proteinuria, elevated serum creatinine, glomerulosclerosis, crescent formation and interstitial fibrosis were independent risk factors in Chinese patients with IgAN. The patients with both renal insufficiency and proteinuria 1 1.0 g/24 h at the time of biopsy had a very poor 5-year renal survival rate [30] . Our study showed that severe glomerulosclerosis and tubulointerstitial lesions (TIL) were the primary pathologic characteristics of IgAN patients with renal dysfunction [31] .
Hypertension is a common finding in progressive IgAN. We carried out a retrospective study in 540 Chinese patients with IgAN diagnosed by renal biopsy. The prevalence of hypertension in IgAN was 39.6% at the time of renal biopsy. Multivariate logistic regression analysis showed that factors independently influencing hypertension in patients with IgAN include age, familial history of hypertension, degree of proteinuria and hematuria, serum creatinine level, body weight and degree of renal arteriolar lesion [32] . Idiopathic IgAN is one of the main causes of secondary malignant hypertension, 1.2% of Chinese patients with IgAN presented malignant hypertension. Compared to primary malignant hypertension, proteinuria and hematuria were significantly higher, and glomerular injury was more severe in patients with malignant hypertension secondary to IgAN. The strict blood pressure control had a favorable effect on renal prognosis [33] .
Most Chinese patients with IgAN had relatively severe lesions at the time of renal biopsy. We reviewed the clinical and pathological materials of 609 Chinese patients with IgAN: those with mild TIL accounted for 47.1%, moderate TIL for 21.7%, severe TIL for 16.6% and those without TIL for 14.6%. Hypertension, the level of proteinuria, the scores of vascular lesions, total glomerular lesions, hypercellularity and glomerulosclerosis increased gradually with increasing TIL severity [34] .
To clarify the characteristics of intrarenal arterial lesions in Chinese patients with IgAN and the main factors associated with them, we compared arterial lesions of 1,005 IgAN patients with those of 627 non-IgAN patients who had mesangial proliferating GN without IgA deposits and 221 patients with membranous nephropathy. The prevalence of intrarenal small artery and arteriolar lesions was 54.6% in IgAN patients, compared with 26.6 and 47.1% in non-IgAN and membranous nephropathy patients, respectively. The intrarenal arterial lesions in IgAN patients were associated with younger age, were more severe and exhibited a higher degree of hyaline changes compared with those in non-IgAN and membranous nephropathy. The severity of small arterial-arteriolar lesions was linked to several markers of disease progression, including hypertension, higher serum creatinine and uric acid, high urinary protein excretion, glomerulosclerosis, tubular atrophy and interstitial fibrosis [35] .
Prevention and Management of CKD in China
Primary prevention of CKD is based on the management of obesity and its associated diseases such as type 2 diabetes as well as hypertension. Secondary prevention of CKD progression needs pharmacological approaches. Current management options for CKD are based on the control of known risk factors such as hypertension and proteinuria [16] . ACE inhibitors or angiotensin-2-receptor blockers have been widely used to prevent and treat CKD in China due to their antihypertensive and antiproteinuric effects [36] . Compared with placebo, benazepril (BZ) was associated with a 43% reduction in the risk of the primary end point (a doubling of the serum creatinine level, ESRD or death), a 52% reduction in the level of proteinuria and a 23% reduction in the rate of decline in renal function in Chinese patients with serum creatinine levels of 3.1-5.0 mg/dl. These results suggest that BZ conferred substantial renal benefits in patients without diabetes who had advanced renal insufficiency [37] . Since the administration of ACE inhibitors or angiotensin receptor blockers may induce hyperkalemia and serum creatinine may rapidly increase in some patients with serum creatinine levels 1 3 mg/dl, close observation is mandatory during treatment.
IgAN is the most common GN in China. To evaluate the effects of therapy with urokinase (UK) and BZ or BZ alone on severe IgAN, 71 Chinese patients with IgAN, Lee's grade 6 III and fibrinogen deposits were divided into two groups to be treated for 12 months with either UK + BZ or BZ alone. Proteinuria was significantly decreased after 6 and 12 months of treatment in both groups compared with baseline, and the therapeutic efficiency of the UK-BZ combination was superior to that of BZ monotherapy. The endogenous creatinine clearance rate (C cr ) was stable in the UK-BZ group, while C cr was significantly lower after 6 and 12 months in the BZ-alone group compared with baseline. The C cr of the two groups after 12 months of treatment were statistically different. These results suggest that combined therapy with UK and BZ was more effective than with BZ alone in reducing proteinuria and protecting renal function in Chinese patients with severe IgAN [38] . Additionally, we investigated the efficacy and safety of mycophenolate mofetil (MMF) in the treatment of severe IgAN. Sixty-two Chinese patients with biopsy-proven IgAN, pathologic grading IV-V by the Lee SMK system and urinary protein 1 2.0 g/day were randomized to the MMF or prednisone group. After 3 months of treatment, a significant decrease in urinary protein and improvement in serum albumin were observed in the MMF group. After 18 months, the urinary protein of the MMF group was significantly lower than that of the prednisone group. Repeated renal biopsy showed that interstitial cell infiltration was alleviated after the treatment in both groups. The results demonstrated that MMF was effective in lowering proteinuria in Chinese patients with severe IgAN [39] . However, there are reports that MMF was ineffective in IgAN [40] . To evaluate the effect and safety of the Chinese medicine compound Shenhua Tablet on IgAN patients with traditional Chinese medicine Qi-Yin deficiency syndrome, a prospective, multicenter, double-blind, double-dummy, randomized, controlled trial was conducted. After 12 weeks of treatment, Shenhua Tablet, just like the positive control medicine fosinopril, effectively decreased proteinuria and improved IgAN without serious adverse reactions [41] .
LN is the most common form of secondary renal disease diagnosed by renal biopsy in China. Mok et al. [42] examined the long-term outcome of 183 Southern Chinese patients with LN. The mean duration of follow-up from the renal biopsy was 130.7 8 5.9 months (range, 13-260 months). The overall 5-, 10-and 15-year survival and renal survival (survival without dialysis) rates were 98.9, 94.4 and 94.4% and 92.1, 81.2 and 75.2%, respectively. Multivariate analysis showed persistent hypertension, class IV nephritis and incomplete renal remission in the 1st year as independent risk factors for renal failure. These results showed that the renal survival rate of the LN patients from South China was similar to that of most reported series of white patients [42] . Severe edema and lower serum albumin were associated with mortality in LN patients. Male sex, postponing hospital admission after onset of renal failure, atrophic renal size and high concentrations of serum phosphate were all predictors of poor recovery of renal function. Intravenous high-dose cyclophosphamide therapy had a protective effect on the recovery of renal function [43] . MMF has been widely used in Chinese patients with proliferative LN. Seventyfive patients with biopsy-proven active diffuse proliferative LN from nine hospitals in China were treated with a combined regimen of MMF and steroids. The hemoglobin level increased, proteinuria decreased, the proportion of patients with positive anti-dsDNA antibody and hypocomplementemia was significantly reduced after 6 months of MMF treatment. Repeat renal biopsy in 38 patients 3-6 months after the treatment showed a significant decrement in the renal pathological activity index. These results suggest that MMF combined with steroids may provide an effective therapy for diffuse proliferative LN [44] . Another Chinese prospective, multicenter, controlled clinical trial showed that leflunomide was effective as induction therapy for proliferative LN. There was no statistical difference between leflunomide-treated patients and cyclophosphamide-treated patients [45] .
CKD: A Great Challenge to Chinese Nephrologists
The number of newly diagnosed CKD cases is increasing, and most of them were diagnosed with elevated serum creatinine in China. The percentage of CKD patients who achieved their treatment goal was low, and few patients started renal replacement therapy in time. Apart from economic problems, delayed diagnosis and unwillingness of patients to accept the fact remained the main reason for delayed renal replacement therapy. These results indicate that Chinese nephrologists should provide health education and consultation for CKD patients to improve their compliance [46] .
Chinese nephrologists have been acting for CKD patients. On March 9, 2006 (the first 'World Kidney Day') [47] , the CSN carried out a lot of activities at Beijing and other areas and declared the 'World Kidney Day' proposal, appealing to the whole public to be aware of CKD and its associated diseases [48] . On March 8, 2007 (the second 'World Kidney Day'), activities have been performed throughout China. The message of the World Kidney Day is that kidney disease is common and harmful, but treatable [49] . The CSN will launch a study on the CKD epidemic in China, in order to facilitate early prevention of CKD by controlling diabetes, hypertension and hyperlipidemia, and furthermore to have patients with mild or moderate CKD treated as early as possible.
